Introduction
Inflammatory bowel disease (IBD) is a condition characterized by chronic inflammation of the gastrointestinal tract. The two most common types are Crohn disease (CD) and ulcerative colitis (UC). The inciting agent and exact underlying mechanism of IBD are not entirely known; however, convincing evidence suggests that it is mediated by abnormal T cell function in genetically susceptible individuals (1, 2) . Extraintestinal manifestations of IBD are not uncommon and probably reflect systemic inflammation, autoimmune susceptibility, metabolic and nutritional derangement, or drug-related toxicity (3, 4) .
Kidney and lower genitourinary involvement has been reported in 4%-23% of patients with IBD manifested primarily as urinary calculi, fistulas, and kidney tubular damage (5, 6) . Parenchymal kidney disease is rare but has been well documented in the worldwide literature as case reports describing GN (7) (8) (9) (10) , minimal-change disease (11, 12) , secondary amyloidosis (13) (14) (15) , and interstitial nephritis (16) (17) (18) (19) .
To our knowledge, no case series on this topic has been published to date. Therefore, our aim was to evaluate a large series of kidney biopsy specimens from patients with IBD in order to define the spectrum and relative frequencies of IBD-associated kidney abnormalities. The findings are also interpreted in the context of a brief review of the previously published literature.
Materials and Methods
We retrospectively reviewed all native kidney biopsy specimens evaluated at Nephropath, Little Rock, Arkansas, from March 2001 to June 2012. The biopsy specimens were received from multiple medical centers across the United States and represent the range of nephrology practice settings, from small community groups to tertiary referral centers. Eighty-three of 33,713 biopsy specimens were from patients with IBD. All clinical information was obtained via patient data and medical records provided at the time kidney biopsy was requested. An additional standardized questionnaire was administered via telephone or fax for 42 cases with initially incomplete clinical information. The Schulman Associates Institutional Review Board approved this study.
Kidney Biopsy
Kidney biopsy specimens were processed as in our previous studies using standard methods described below (20) .
Light Microscopy. Briefly, kidney biopsy specimens were fixed in buffered formalin, dehydrated in graded alcohols, and embedded in paraffin using standard techniques. Serial 3-mm-thick sections were cut and treated with hematoxylin and eosin, Jones methenamine silver, Masson trichrome, or periodic acid-Schiff reagent.
Granulomatous interstitial nephritis was defined as an interstitial nephritis in which the inflammatory infiltrate contained at least one aggregate of epithelioid histiocytes admixed with lymphocytes with or without multinucleated giant cells.
Immunofluorescence Microscopy. Samples were transported in Michel media, washed in buffer, and frozen in a cryostat. Sections, cut at 5 mm, were rinsed in buffer and reacted with fluorescein-tagged polyclonal rabbit antihuman antibodies to IgG, IgA, IgM, C3, C4, C1q, fibrinogen, k or l light chains (Dako, Carpenteria, CA; Kent Laboratories, Bellingham, WA) for 1 hour and rinsed; a coverslip was applied using aqueous mounting media.
Electron Microscopy. The ends of the kidney biopsy specimen were removed as 1-mm cubes, dehydrated using graded alcohols, and embedded in Epon/Araldite resin. Sections 1 mm thick were cut using an ultramicrotome, stained with toluidine blue, and examined with a light microscope. Thin sections were examined in a Jeol JEM-1011 electron microscope (Jeol, Tokyo, Japan). Photomicrographs were routinely taken at magnifications of 34000, 312,000, and 320,000.
Statistical Analyses. Data analysis, including a twosample test of proportions (Z-test), was performed using Stata 11 statistical software (Stata Corp., College Station, TX). Statistical significance was assumed at P,0.05.
Results

Clinical Characteristics
The IBD cohort included 51 men and 32 women with a mean age 6 SD of 46618 years. There were 45 cases of CD and 38 cases of UC represented. One case of UC had concomitant sclerosing cholangitis. The most common indication for kidney biopsy was acute or chronic kidney failure (63% [52 of 83]), nephrotic-range proteinuria (16% [13 of 83] ), and subnephrotic proteinuria (14% [12 of 83] ). Only 6 of 83 (7%) patients underwent biopsy for isolated hematuria ( Table 1 ). The median serum creatinine at time of biopsy was 2.7 mg/dl (25th, 75th percentiles, 1.7, 4.3 mg/dl).
All patients were evaluated clinically for systemic lupus erythematosus by serologic testing and physical examination. Eight patients (4 with CD and 4 with UC) had a positive antinuclear antibody titer that ranged from 1:320 to 1:640. All of these patients were negative for antidouble-stranded DNA antibodies except for one patient with UC and autoimmune hepatitis and one patient with CD with rheumatoid arthritis and psoriasis. None of the patients met American College of Rheumatology criteria for the diagnosis of systemic lupus erythematosus.
Kidney Biopsy Abnormalities
On kidney biopsy, IgA nephropathy (IgAN) was the most common diagnosis (Figure 1 (Table 2) . One case of secondary amyloidosis was diagnosed in a patient with CD.
In cases of acute interstitial nephritis, the inflammatory infiltrate showed no evidence of microabscess formation, neutrophilic tubulitis, or white blood cell casts that would suggest acute pyelonephritis, and none of the patients had a clinical history or manifestations of ascending urinary tract infection. Only one case of chronic interstitial nephritis showed intratubular calcium oxalate deposition in a patient with a .20-year history of CD.
Treatment
In terms of IBD-related therapy, 28 patients had known current or past exposure to aminosalicylates; 5-aminosalicylic acid (5-ASA; i.e., mesalamine) was the most common drug. This included 21 patients with UC and 7 patients with CD. One of these patients had a history of "hypersensitivity nephritis" clinically diagnosed 1 year before kidney biopsy. Eight additional patients were being treated with the TNF-a inhibitor infliximab. Twenty patients had undergone a bowel resection.
Analyses
The frequency of IgAN in IBD was significantly higher than in all other native kidney biopsy specimens evaluated Of the 16 cases with interstitial nephritis, 7 were classified as acute, 5 as granulomatous, and 4 as chronic. All of the cases of granulomatous interstitial nephritis had a history of current or recent past exposure to aminosalicylates. Known exposure to this class of drugs was present in 3 cases of acute and 1 case of chronic interstitial nephritis. Three of 4 patients with minimal-change disease were also currently taking aminosalicylates.
Discussion
We report our experience of kidney biopsy findings in patients with IBD. To our knowledge, this is the largest clinicopathologic series to date on this topic. Our series shows that IBD is associated with a spectrum of kidney diseases, with IgAN and interstitial nephritis being the most common (43% [36 of 83]) diagnosis on kidney biopsy.
Given the relative frequency of subclinical IgAN in otherwise healthy populations, it was possible that the high frequency of IgAN found in patients with IBD was due to chance alone (21, 22) . We therefore compared the biopsy findings in this cohort with our native kidney biopsy specimens from patients without IBD. The prevalence of IgAN was significantly higher in patients with IBD than in patients without IBD. This included only one patient with known recent history of infection in the form of lower-extremity cellulitis and one patient with a history of cirrhosis and clinical suspicion for Henoch-Schönlein purpura.
Hubert et al. (23) reported the first cases of IBD-associated IgAN in 1984. They described both clinical and pathologic remission of kidney disease concomitant with the treatment of symptoms of intestinal disease. Nineteen subsequent case reports in the literature have described IgAN in IBD (9, 22, (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . A majority of these patients had IgAN during onset or exacerbation of IBD, as well as clinical remission of kidney disease in conjunction with successful treatment of bowel inflammation. Elevated serum IgA levels were not consistently measured but were reported to be elevated in several patients. Repeat kidney biopsy confirming histologic remission of GN was rare. However, when a biopsy was repeated, it showed resolution of both mesangial proliferation and IgA deposits (23) .
Secondary forms of IgAN have been described, most commonly in the setting of liver disease. However, an increasing number of reports in the literature have associated mucosal inflammation or infection with IgAN (21, 24) . This is perhaps not surprising given the important immunologic role IgA plays in the defense against environmental and microbial antigenic exposure occurring at mucosal sites, in particular the gastrointestinal tract. Secondary IgAN in IBD is therefore likely to represent a complex interplay of mucosal inflammation, loss of antigenic exclusion, and tolerance, chronic immune stimulation, and dysregulated IgA production and transport (21) . Given that intestinal mucosal immune responses are highly dependent on co-stimulation, the role of T cell dysfunction in this process has also been implicated (35) . In their study of transgenic mice, Wang et al. (35) showed that T cell-mediated mucosal immunity was critical in intestinal inflammation and in the pathogenesis of IgAN. Localized gastrointestinal immunosuppression (i.e., enteric budesonide) as a potential treatment of primary IgAN likewise alludes to a pathogenic role of gut immune responses in the development of GN (36) . Genetic susceptibility has also been investigated, and an association with HLA-DR1 has been described in both IgAN and IBD (29) . Taken together, these findings support a pathogenic link between immune mechanisms operating in IBD and IgAN rather than the idea that IBD only exacerbates primary IgAN as has been suggested (22) .
Drug-induced nephrotoxicity has been well described in IBD, particularly in patients treated with 5-ASA and its derivatives (e.g., sulfasalazine, mesalamine). The most common kidney histologic finding reported in association with 5-ASA is interstitial nephritis (4, 37, 38) . The pathogenesis of this is unknown, and studies have been unable to identify a clear relationship between duration and dose of 5-ASA and the development of kidney disease (37, 38) . It is therefore thought to probably represent an idiosyncratic, delayed-type hypersensitivity that is independent of dose and duration of exposure (39) . Unfortunately, the most frequent form of 5-ASA-related interstitial nephritis is that of severe, chronic, and progressive kidney injury, which often escapes early clinical detection (37) . A high index of clinical suspicion is therefore warranted, and monitoring of kidney function during 5-ASA therapy is suggested (37, 40) .
Our finding that all patients with granulomatous interstitial nephritis had recent exposure to aminosalicylates is more consistent with a cell-mediated hypersensitivity reaction than a true extraintestinal manifestation of IBD. However, kidney tubular damage, in the form of proteinuria and enzymuria, has been frequently observed in IBD and is more strongly correlated with disease activity than therapy (41) (42) (43) . There have also been several case reports of interstitial nephritis in therapy-naive patients to include the development of kidney failure before or concurrently with the diagnosis of bowel inflammation (44) (45) (46) (47) (48) (49) ). This appears to be more common in CD than in UC. Overall, these findings raise the possibility of interstitial nephritis as a genuine extraintestinal manifestation of IBD, perhaps secondary to systemic immune dysregulation and cytokine activation (44, 48) .
This study has several limitations. First, the retrospective, observational study design limits any findings to hypothesis generation rather than validation, and patient and kidney outcomes were not examined. Second, the duration and activity of IBD as well as the dose and duration of therapeutic exposure were often not known, precluding further analysis of these variables. Because the nephrotoxicity of aminosalicylates is thought to be idiosyncratic and not dose or duration dependent, our finding of a possible association between granulomatous interstitial nephritis and this class of drugs remains plausible in patients with a history of recent exposure. Finally, correlation between kidney biopsy findings and IBD subtype was not performed. One must be cautious in doing this given the potential pitfalls of IBD diagnosis, where endoscopic and pathologic features can overlap between CD and UC (50) .
Our findings also raise several unanswered questions related to kidney monitoring and outcome in patients with IBD. First, do patients with IBD-associated IgAN progress to ESRD more often than those with primary IgAN? Although a long-term direct comparison between the two is needed to answer this question, the current literature would suggest that kidney outcome likely depends on the course of the intestinal disease in IBD-associated IgAN. In addition, what kidney function markers correlate best with IBD activity, and how often should kidney function be monitored in patients with IBD, particularly those receiving aminosalicylate therapy? Although there are several approaches for screening and monitoring with serum creatinine, the optimal markers and frequency of testing remain to be established (37) . Finally, are there other clinical and patient variables that would allow better identification of patients with IBD at higher risk of developing drug-related nephrotoxicity?
In summary, IBD is associated with a spectrum of kidney complications likely related to chronic inflammation or drug therapy in these patients. The most common diagnosis found on kidney biopsy is IgAN, and its significantly higher prevalence in this population suggests a shared pathophysiology between intestinal and kidney disease. Interstitial nephritis is the second most common diagnosis, which is often, although not invariably, associated with aminosalicylate therapy. Overall, a high degree of clinical suspicion is needed for the early diagnosis and prevention of these IBD-related kidney complications. 
